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Assumptions:

e The SVA semantics is understood to be from SVA 3.1, revised to include neutral
semantics and to fix errata. The SVA neutral semantics is understood to be
generalized to empty words, with the only change being that

w,b FEgva initial assert property
iff if jw| > 0 and @ ||= b, then w =g Q

[Comments? Is this what people expect?]

e PSL semantics is understood to be from proposed PSL 1.1.

Restricted SVA Abstract Syntax

Note that local variables and first_match are not in the domain of the mapping.
Throughout, “unclocked SVA sequence” means “unclocked SVA sequence without
local variables or first match”. Similarly, “clocked SVA sequence” means “clocked
SVA sequence without local variables or first match”.

In the following abstract grammars, b denotes a boolean expression, v denotes a
local variable name, and e denotes an expression.

The abstract grammar for unclocked sequences is

R:=b // “boolean expression” form
| (R) // “parenthesis” form
| CR##1 R) // “concatenation” form
| CR##0 R ) // “fusion” form
| CRor R) // “or” form
| ( R intersect R ) // “intersect” form
| R[*0] // “null repetition” form
| R[*1:$] // “unbounded repetition” form

The abstract grammar for clocked sequences is

Sa=ae R // “clock” form
| (S ##S5) // “concatenation” form



The abstract grammar for unclocked properties is

P := [disable iff (b)] [not] R // “sequence” form

| [disable iff (b )] [not] ( R |-> [not] R) // “implication” form

The abstract grammar for clocked properties is

Q=0 P // “clock” form

| [disable iff (b )] [not] S // “sequence” form
| [disable iff ( b)] [not] ( S |-> [not] S ) // “implication” form

The abstract grammar for assertions is

A ::= always assert property ) // “always” form
| always @(b) assert property P // “always with clock” form
| initial assert property @ // “initial” form
| initial @(b) assert property P // “initial with clock” form
0. Preliminaries

Notation O:

«va denotes the SVA relation of tight satisfaction by a finite word of an unclocked
sequence.

|EpSl denotes the PSL relation of tight satisfaction by a finite word of an unclocked
SERE.

|E;Sl denotes the PSL relation of tight satisfaction by a finite word of a (clocked)
SERE in the context of clock c.

|= denotes the relation of satisfaction by a letter (or word of length 1) of a boolean
expression in both SVA and PSL.

Fsva denotes the SVA relation of satisfaction by a word of an unclocked property
or assertion

Eps1 denotes the PSL relation of satisfaction by a word of an unclocked formula

s denotes the PSL relation of satisfaction by a word of a (clocked) formula in
the context of clock c.

O

Definition 0.1: A word w over X is called proper if it is of the form w = wv, where
u is a word over 2F and v is one of the following: emptyword, T¢, or L¥. O



0.1 Lemmas on unclocked SERES

Lemma 0.1: Let w be a finite word over X. w is a clock tick of TRUE iff w = T"a,
where k>0 and a # L.

Proof:

w is a clock tick of TRUE
iff |w| > 0 and w¥I=! |= TRUE and for every 0 < i < |w| — 1, w' |= FALSE
iff |w| > 0 and w*I=! £ 1 and for every 0 <i < |w| -1, w' =T
iff [k =|w| -1, a=w""1]
w:TkawherekEOanda#J_

O

Proposition 0.1: Let w be a finite word over X and let r be an unclocked SERE.

IfwE 7, then w IEIT:IUE

Proof: By induction over the structure of r. Note that for each of the primitive
unclocked SERE forms except boolean expression, the corresponding clocked SERE

definition is obtained by changing |EpSl to ’qul Therefore it is enough to check the
implication in the case of boolean expressions.

wE b

iff |w|=1andw® |=b

iff w=T%" and w® # L and w° |=b
= [Lemma 0.1]

w is a clock tick of TRUE and w!®!=1 |= b
| TRUE
_psl

O

Remark: The converse of the preceding proposition does not hold. For example,

T? =, TRUE, but T2 £ TRUE. The converse does hold if w is a word over 2F.
O
Lemma 0.2: Let w be a finite word over X and let r be an unclocked SERE. Then
w 'Epsl r[+] iff there exist k > 0 and wy,...,wg such that w = wy---wr and
W 'Epsl r for each 1 < j <k.
Proof:
w Epg 4]

iff wEgr;rixl
iff there exist wy,uq such that w = wiuy and wy |Epsl r and uy ,Epsl r[*]

By definition,
ur Epy 704
iff uy ’Epsl r[*0] or there exist wa,us such that |we| > 0 and u; = wous and
Wo 'Epsl r and us |Epsl r[*]
iff |ui| = 0 or there exist ws, us such that |we| > 0 and u; = wauge and
Wo 'Epsl r and us |Epsl r[*]



By repeating the application of this definition to the suffix u; and using the fact
that |w| bounds the number of times the suffix can be split, it follows that

ur Epq ]
iff |ui| = 0 or there exist k > 2 and non-empty ws, . .., wy such that
U = wy - - wg, and w; lzpslrforeach2§j§k

Therefore
w g r+]
iff
(A):
there exist w1, u; such that w = wyu; and wy |Epsl r and either |u;| = 0 or
there exist £ > 2 and non-empty ws, ..., wy such that u; = ws ---wy and

w; 'Epsl rforeach2 <j <k

Assume (A). Letting k =1 if |uq| = 0, it follows that
(B):
there exist k > 0 and wy, ..., w; such that w = w; -+ - wy, and w; lzpsl r for
each 1 <j <k

Assume (B). Suppose w is empty. Then all of the w; are empty, and, since k > 0,
w = wi E,y 7. In this case, (A) holds with k& = 1 and u; = 0. Otherwise, w is
non-empty, so there is at least one non-emtpy w;. Discard all the empty w; and
reindex. Then (A) holds, either with ¥ =1 and u; = 0 or with k& > 2.

O

Lemma 0.3: If w is a finite word over X and if w 'Epsl r, where v is an unclocked
SERE, then no letter of w is L.

Proof: By induction over the structure of r. Write good (w) to mean that no letter
of wis L.

o r =0

w 'Epsl b

iff |w|=1and w’ |=0b
= |w|=1and w® # L
= good (w)

o r={r}
w Epg {1}
iff w |EpSl 1
= [induction]

good (w)

e =17y ;o



wE T

iff there exist u, v such that w =wv and u [E  r1 and v E g 12

= [induction]

there exist u, v such that w = uv and good (u) and good (v)

= good (w)
r=9{ri} : {ra}.
wE g i} {2l

iff there exist z,y, 2 such that w = zyz and |y| = 1 and zy [E 71 and

Yz [Epq T2
= [induction]

there exist x,y, z such that w = xyz and good (zy) and good (y2)

= good (w)

r={r} | {r2}.
w |Epsl {ri} | {r2}

iff w |EpSl r1 Or W |EpSl ro
= [induction]

good (w) or good (w)
iff good (w)

r=or1} && {ro}.

w E g {r1} && {r2}
ff wiE g mandw = e
= [induction]

good (w) and good (w)
iff  good (w)

r =1y [*0].
w E g r1[*0]
iff |w| =0
= good (w)

r =7y [+].

w E g 1]
iff [Lemma 0.2]

there exist £ > 0 and wy, ..

foralll1 <j<k
= [induction]

there exist £ > 0 and wy, . .

forall1 <j <k
= good (w)

., Wk such that w = w;

., wg such that w = wy

~wg and wy Ep g T

-+ wy, and good (w;)



O

Lemma 0.4: Let r be an unclocked SERE and let w be a word over X. Then the
following are equivalent:

1. there exists 0 < j < |w| such that w® Epa T

2. w =pg {r}!

3. w f=pst ' ({r} |-> FALSE)

Proof:

The equivalence of 1 and 2 is by definition.

w Epst ! ({1} |-> FALSE)

iff
iff
iff
iff
iff
iff
iff

w = g {r} |=> FALSE

~(for every 0 < j < [w| such that w7 |= ) 7, @7 |=pq FALSE)
there exists 0 < j < |w| such that w® Epq 7 and Wl [~ s1 FALSE
[if 0 < j < |w|, then w7 is non-empty]

there exists 0 < j < |w| such that w® Epq 7 and W/ | FALSE
there exists 0 < j < |w| such that w®J Epq 7 and w £ T

there exists 0 < j < |w| such that w7 E,q 7 and wl £ 1

[if w7/ £ 7, then w’ # L by Lemma 0.3]

there exists 0 < j < |w| such that w”7 = ;7

O

Lemma 0.5: Let b be a boolean expression and let £ € X. Then £ |=b iff £ | 'b

Proof:

If ¢ € 2P, then ¢ = £ and the result follows because the relation |= has the

property that ¢ [= b iff £ [l 1b when £ € 2P, If £ = T, then £ [|= b and £ = L | 1b.
If¢=_1,thenl|£band £=T |= !b. O

Lemma 0.6: Let b be a boolean expression and let w be a word over Y. Then

1. w ':psl b' iff w |=p51 {63! iff w |=p51 1 ({b} |-> FALSE).
2. wEpa b iff wEpa 10 iff w Epa {10} |-> FALSE.

Proof:

1. By Lemma 0.4, w [=pg {b}! iff w =pa ! ({b} |-> FALSE).

w Eps {b}! ‘
iff there exists 0 < j < |w| such that w7 Epa b
iff [w%7 = bonlyif j = 0]

|w| > 0 and w9 Epa b

iff |w| > 0and w® |E=b
iff w |:p51 b!



2. w [=ps {10} |-> FALSE
iff o[£ g ! ({10} |-> FALSE)
iff [part 1]
w g (1))
iff —(|w| > 0 and @° |= 1b)
iff |w|=0or @ £ b
iff [Lemma 0.5]
|w| =0 or w® |E=b
iff w ':psl b

w F=ps {6}
iff for all 0 < j < |w|, w7 T Epq {b}!
iff for all 0 < j < |w]|, there exists 0 < k such that (w%7T«)0* =
iff (w7 T)%* = bonly if k = 0]
for all 0 < j < |w]|, (w7 T«)0-0 Epa b
iff |w| =0 or w’° Epa b
iff |w|=0or (Jw| >0 and w° |= b)
iff |w|=0orw’|=0b
iff wl=pa b

b

psl

0.2 Lemmas on (clocked) SEREs

Lemma 0.7: Let w be a finite word over X, let ¢ be a boolean expression, and
let r be a SERE. Then w 'Egsl r[+] iff there exist k > 0 and wy, ..., wy such that
w=wi - wg and w; |E;Sl r for each 1 < j <k.

Proof: Analogous to the proof of Lemma 0.2. O

Lemma 0.8: If w is a finite word over X, c is a boolean expression, and w |E;S1 r,
where T is a SERE, then no letter of w is L.

Proof: By induction over the structure of r. Write good (w) to mean that no letter
of wis L.

e r=0.

w ’Egsl b

iff w is a clock tick of ¢ and w!®!=1 |=b

iff Jw| >0, w = teforall0<j<|w —1,and w™l~! ||= cand w1 |=b

= [each letter of w must satisfy a boolean expression and so cannot be L]
good (w)

o r={r7}.
w 'E;sl {Tl}

iff w |E;sl r1
= [induction]



good (w)

e =71, T2

w 'Egsl Ty T
iff there exist u,v such that w = uv and u =, 1 and v £y 79
= [induction]
there exist u, v such that w = uv and good (u) and good (v)
= good (w)

o r={r} : {ra}.

w |E§s1 {ri} : {r}

iff there exist x,y, z such that w = zyz and |y| = 1 and zy |E;Sl r1 and
Yz |E;sl 9

= [induction]
there exist x,y, z such that w = xyz and good (zy) and good (yz)

= good (w)

o r={r} | {r2}.

w |E§s1 {ri} | {r2}
iff w |E;sl r1 O W |E;sl ro
= [induction]

good (w) or good (w)
iff  good (w)

o r={r} && {r2}.

w g I} && {r}
iff w |E;sl r1 and w |E;S1 ro
= [induction]

good (w) and good (w)
iff  good (w)

e r =11 [*0].
w g 1 [%0]

iff |w| =0
= good (w)

o r=r;[+].



w Epg 11 [+]
iff [Lemma 0.7]

there exist k > 0 and wy, ..., wy such that w = wy - - - wy, and w; |EICJsl T1
foralll1 <j<k

= [induction]

there exist k£ > 0 and ws, ..., wy such that w = w, - - - wy and good (w;)
forall1 <j<k

= good (w)

o 1 =110c.

w ’Egsl r10cq
iff w |EIC);1 r1
= [induction]

good (w)

O

Lemma 0.9: Let r be a SERE, let ¢ be a boolean expression, and let w be a word
over X. Then the following are equivalent:

1. there exists 0 < j < |w| such that w7 =

psl r

2. w g {r}!

3. w Erg '({r} |-> FALSEQTRUE)

Proof:

The equivalence of 1 and 2 is by definition.

w =5y ' ({r} |-> FALSE@TRUE)

iff
iff
iff
iff
iff
iff

iff

iff

w oy {r} |-> FALSEQTRUE

—(for every 0 < j < |wl| such that w7 [ 7, @7 |5 FALSE@TRUE)
—(for every 0 < j < |w| such that w7 =, 7, @7 |=]4"" FALSE)

there exists 0 < j < |w| such that w®J 'Egsl rand —(w? L4 FALSE)
there exists 0 < j < |w| such that w7 [ 7 and —(for all j <k < |w]
such that w’-* is a clock tick of TRUE, @* |= FALSE)

there exists 0 < j < |w| such that w7 [={ 7 and there exists j < k < |w|
such that w’~* is a clock tick of TRUE and w* | FALSE

[if w?* is a clock tick of TRUE, then w”* ||= TRUE, hence w* # 1, hence
w* # T, hence w* |# FALSE]

there exists 0 < j < |w| such that w® iEf)sl r and there exists j < k < |w|
such that w’-* is a clock tick of TRUE

[if w7 Erg r, then w? # 1, so w7 is a clock tick of TRUE]

there exists 0 < j < [w| such that w*/ 7 r

O

Lemma 0.10: Let r1,r2 be SERES, let ¢ be a boolean expression, and let w be a
word over X. Then the following are equivalent:



1. for every 0 < j < |w| such that w° - ’Egsl r1, there exists j < k < |w| such that
y c

wJ..k 'Epsl ro

2. w g A} 1-> {2}

3. w ’zgsl {r1} 1-> ' ({r2} |-> FALSEQ@TRUE)
Proof: Immediate from Lemma 0.9 and the definitions. O

Lemma 0.11: If w is a non-empty finite word over X, c is a boolean expression,
and w |EI§SI r, where r is an unclocked SERE, then w!*!=1 |= c.

Proof: By induction over the structure of r. Let I = |w| — 1.

o r=>
w lff)sl b
iff w is a clock tick of ¢ and w”!=! |= b
iff |w| >0, w ||= teforall 0 <j < |w| -1, and w®I=! ||= ¢ and w!*I~! ||= b

= wl |=c

o r=A{r’.

w 'E;sl {Tl}

iff wlspgm

= [induction]
w! |=c

® =71, T2

w BT T2
iff there exist u, v such that w = uv and u |E;Sl r1 and v 'E;SI T
= [induction]
w = wv and if u is non-empty then ul“—1 |I= ¢ and if v is non-empty then

plvi=1 Il= ¢
= [w = uv is non-empty; if [v| > 0 then w! = vI*I=1; otherwise w! = ul*I=1]
I
w' | ¢

o r={r} : {ra}.
w Epg I} s {r}

iff there exist x,y, z such that w = zyz and |y| = 1 and zy |E;Sl r1 and
Yz |E;sl T2

= [induction]
w = zyz and y2lv*-1 |= ¢

= [wl = yz|yz|*1]
w! = ¢

10



o r={r} | {ro}.

w Epg I} | {r2}
iff w |E;sl r1 O W |E;sl ro
= [induction]
wl = corw! ||=ec
iff w! |=-c

o 7 ={r1} && {r2}.
w =y {1} && {r2}
. e e
iff w |:psl r1 and w |:psl ro
= [induction]
w! ||= cand w! |= ¢
iff w! |=-c
o r =1y [*0].

w ’Egsl r1 [*0]

iff Jw|=0
iff [w is non-empty]
F

o r=ry[+].

w By r 4]

iff [Lemma 0.7]
there exist k > 0 and wy, ..., wy such that w = wy - - - wy, and w; |E;c)s1 rq1 for
all1 <j <k

iff [throw away unnecessary empty w; and reindex]
there exist k£ > 0 and non-empty wy, ..., wy such that w = wy ---wy, and

w; 'Egsl riforall1<j<k
= [induction]
there exist k > 0 and non-empty wi, ..., w, such that w = wy - - - wy, and
ug‘-wjl*1 [Fcalll1<j<k
= [w!l = wLw’“‘_l]
w! |=c

O

Lemma 0.12: Let r be an unclocked SERE, let ¢ be a boolean expression, and let w
be a word over X. Then the following are equivalent:

1. there exists 0 < j < |w| such that w®+J IEgsl T

11



2. w ’:;sl {T}'

3. w Erg 'Hr} |-> FALSE)

Proof: The equivalence of 1 and 2 is by definition.

w g ' ({r} |-> FALSE)

iff w gy {r} |-> FALSE

iff —(for every 0 < j < |w| such that w®-J |E;Sl 7, W =5 ) FALSE)

iff there exists 0 < j < |w| such that wo“J: 'Egsl rand @7 S FALSE

iff there exists 0 < j < |w| such that w%7 = r and —(for all j <k < |w|
such that w’-* is a clock tick of ¢, then @w* ||= FALSE)

iff there exists 0 < j < |w| such that w7 [=[ 7 and there exists j <k < |w|
such that w’~* is a clock tick of ¢ and w* |# FALSE

iff [if w* is a clock tick of ¢, then w” |= ¢, hence w* # 1, hence w* # T,
hence w"* | FALSE]
there exists 0 < j < |w| such that w® ’Egsl r and there exists j < k < |w|
such that w’-* is a clock tick of ¢

iff [if w*7 =7 7, then, by Lemma 0.11, w/ |= ¢, hence w’*7 is a clock tick of
d

there exists 0 < j < |w| such that w% iEgSI r

O

Lemma 0.13 (Duality of Boolean Formulas): Let b,c be boolean expressions
and let w be a word over X. Use the following notation to eliminate ambiguity:

e [!b] denotes the boolean expression negation of b;

o [!b]! denotes the strong boolean formula built from [!b];

o 1 ([1D]!) denotes the formula negation of the strong boolean formula ['b]!;

e ! (b!) denotes the formula negation of the strong boolean formula b!.

Then
Low =gy LD iff w G, b

Proof: Note that 2 follows from 1 by negating the boolean expression. Here is the
proof of 1:

w =g LRI
f w oy [to)
iff —(there exists 0 < j < |w| such that @’/ is a clock tick of ¢ and @’ |= !b)
iff for all 0 < j < |w| such that @’/ is a clock tick of ¢, w’ | 'b
iff [Lemma 0.5]
for all 0 < j < |w]| such that w%7 is a clock tick of ¢, w’ |= b
iff w0

12



O

Lemma 0.14: Let b, c be boolean expressions and let w be a word over Y. Then

Lowppg b dff wispg 03 iff w gy ' ({0} 1-> FALSE).

psl

2. w g b iff wiEpy 0} iff w gy {10} |-> FALSE.

Proof: By Lemma 0.12, w =5 {3} iff w =gy ! ({0} 1-> FALSE).
w 5, b3
iff there exists 0 < j < |w| such that w®7 Epa b

iff there exists 0 < j < |w| such that w%7 is a clock tick of ¢ and w’ |= b
it w g b!

This proves 1.

w g {10} |-> FALSE
iff w g ({10} |-> FALSE)
iff [part 1, notation from Lemma 0.13]
iff —(there exists 0 < j < |w| such that @w% is a clock tick of ¢ and @’ ||= !b)
iff for all 0 < j < |w| such that w7 is a clock tick of ¢, w’ | 'b
iff [Lemma 0.5]
for all 0 < j < |w| such that w7 is a clock tick of ¢, w’ |= b
i w g

Also
w =, 16}
iff forall 0 <j < |w|, w"ITw e {03!
iff for all 0 < j < |w|, there exists 0 < k such that (w7 T«)%k = b

psl
iff
(A): 4
for all 0 < j < |w], there exists 0 < k such that (w®JT«)%* is a clock tick
of ¢ and (w7 T)* ||= b
and
':gsl b
iff

(B):

for all 0 < j < |w]| such that W% is a clock tick of ¢, w’ |= b

Assume (A). Let 0 < j < |w| be such that w’+ is a clock tick of c¢. By (A),
there exists 0 < k such that (w7 T«)%* is a clock tick of ¢ and (w7 T)* |I= b.
In order to prove (B), it suffices to show that k& = j, since then it follows that
w! = (w*IT¥)* |l= b. Suppose that k < j. Then (w7 T«)%* = 0k is a clock
tick of ¢, and so w* |= ¢. Since w% is a clock tick of ¢, w* |= !¢, so by Lemma
0.5, w* | ¢, a contradiction. Suppose that k > j. Then (w® 7 T«)0k = ¢0-3Tk=J

13



is a clock tick of c. Therefore, w’ ||= !c. Since w" 7 is a clock tick of ¢, @’ | ¢, so
by Lemma 0.5, w’ |# !¢, a contradiction.

Now assume (B). Let
I={0<i<|w:w ¢2° oruw' |=c}.

Suppose I is empty. Then, for all 0 < i < |w|, w’ € 2P and w’ ||= lc. Let
0 <j < |wl. Then w*JIT is a clock tick of ¢ and (w7 T)/*! = T |= b. This
proves (A) when I is empty. Suppose now that I is non-empty. Let m = min .
Then m < |w| and for all 0 < i < m, w® € 2F and w'® |= 'e. The following are the
possible cases for w™:

e w™ = 1. Then w" ™ is a clock tick of ¢, so by (B) w™ |= b, a contradiction.
e w™ = T. Then w" ™ is a clock tick of ¢ and w™ |= b.

e w™ € 2F and w™ |= ¢. Then w®™ is a clock tick of ¢ and @w% ™ = w%™. By
(B), w™ = 0.

Therefore, w’™ is a clock tick of ¢ and w™ |=b. Let 0 < j < |w|. If j > m, then
(w0 I Te)0-m = 0™ If j < m, then (w®JT«)%I+1 = 0T which is a clock
tick of ¢, and (w7 T«)i*! = T |= b. This proves (A) when I is non-empty and
completes the proof of 2.

O

Lemma 0.15: Let b, c be boolean expressions and let w be a non-empty word over
X such that @° |= c. Then w |5y biff w 5 b

Proof: Assume that w |5, b. Since @” [|= ¢, @° is a clock tick of ¢, hence w® [= b.

Then w° # L and w® # L, hence w® € 2F. Therefore, w%? is a clock tick of ¢, and
sow gy bl

Assume now that w =5 b!. Then there exists 0 < j < |w] such that w"/ is a clock
tick of ¢ and w? ||= b. Since w° ||= ¢, Lemma 0.5 gives w® | !c. Therefore, j = 0
and so w° |= c and w® ||= b. Let 0 < i < |w| be such that w’? is a clock tick of c.
Suppose that 0 < i. Then @w° |= !¢, so, by Lemma 0.5, w® |F£ ¢, a contradiction.
Therefore i = 0. Since w® ||= b, this proves that w Fpsl 0-

o

Lemma 0.16: Let b, c be boolean expressions and let w be a non-empty word over
X

1. If w® =T, then w Fra b and w =g bt
2. Ifw® = L, then w £y b and w 5 bt

3. If w® € 2P and w° |= ¢, then w Foa b iff w =g b iff w® ||= b.

Proof: Assume w® = T. Then w’° is a clock tick of ¢ and w® |= b, so w Fps 01

Also, w® = 1, so there does not exist 0 < i < |w| such that @’ is a clock tick of

c. Therefore, w = b holds vacuously. This proves 1.

14



Assume now that w® = 1. Then there does not exist 0 < i < |w| such that w%*
is a clock tick of ¢, so w &g bt Also, @’ = T, so w0 is a clock tick of c. Since
O£ b, w e 0. This proves 2.

Assume now that w® € 2P and w° ||= ¢. Then w® = @, so by Lemma 0.15, w Fpsl 0
iff w =g bt

w ’:Esl b!
iff there exists 0 < i < |w| such that w®? is a clock tick of ¢ and w' ||= b
iff [since w® € 2P and w |= ¢, w%C is a clock tick of ¢ and w?? is not a

clock tick of ¢ if i > 0]
w’ = b
This proves 3.
O

1. Mapping unclocked SVA sequences to PSL unclocked SEREs

Definition 1: Let b be a boolean expression, and let R, Ry, Re be unclocked SVA
sequences.

° b) =
(R)) ={M(R)}

(R ##1 R)) = {9M(Ry) ; M(R2)}

e M

§

3

(Ry or R2)) = {{M(R1)} | {M(R2)}}
(R, intersect Ry)) = {{M(R1)} && {M(R2)}}

2

M
(
(
o M((Ry #40 Ry)) = {OM(R1)} : {M(R2)}}
(
(
o M(RI*0]) = M(R) [*0]

o M(RI*1:$]) = M(R) [+]

O

Proposition 1.1: Let R be an unclocked SVA sequence and let w be a finite word
over X¥. Then w E,, R iff w E 4 M(R).

Proof: By induction over the structure of R.

sva

e R=0.
w ,Esvab
iff |w|=1and w’ |=0b

iff |w| =1 and w ||= M(b)
iff w =, M)

R=(Ry).

15



w 'Esva (Rl)
iff w |Esva R1
iff [induction]

w E g M(R)

iff w = g {M(R1)}
i w =, M(CRD)

R = (R ##1 Ro).

w E,,, (Ri ##1 Ry)

iff
iff
iff
iff
iff

there exist x,y such that w = zy and z =
[induction]

there exist x,y such that w = zy and z |E
w Epg M(Ra) 5 M(R)

w Epg {M(R1) 5 M(R2)}

wE_ M((Ry ##1 Ry))

Rl and Yy |Esva RQ

sva

M(Ry) and y E_; M(R2)

psl psl

psl

R = (R ##0 Ry).

w E,,, (R ##0 Ry)

iff

iff

iff

iff
iff

there exist x,y, z such that w = zyz and |y| =1 and zy |E,,, R1
and yz £, Ro

[induction]

there exist x,y such that w = zyz and |y| = 1 and zy E
yz Eq M(R2)

w By TM(R1)Y 5 (M(RL)}

w g {M(R1)} « {IM(R2)}>

w |Epsl gﬁ((Rl ##0 RQ))

sva

WZ(Rl) and

psl

R: (Rl or RQ)

w ’Esva (R1 or Rg)

iff
iff
iff
iff
iff

w E, R1orwE,, Ra
[induction]

w E g M(R) or w E ) M(Ro)
w (R} | {(Ro)}

w g {M(R)} | {IM(R2)}>
w |Epsl IM((R; or Ry))

sva

R = (R; intersect Ry).

w E,,, (R intersect Ry)

iff

wE,, R and w =, Ro

sva

16



iff [induction]

w E g M(R) and w E 4 M(R2)
iff w = {M(R1)} && {M(R2)}
iff w |Epsl {{M(R1)Y && {OM(R2)}}
iff w E ) M((R1 intersect Ro))

e R = R;[*0].

w 'Esva Rl [*O]

iff |w| =0

iff w = g M(Ry) [x0]
iff w [E g M(R: [*0])

e R=R;[*1:%].

w =, Ril*1:$]

iff there exist wi,...,w;, 7 > 1, such that w = w; - --w; and for each ¢ such
that 1 S 7 Sj, w; 'Esva R1

iff [induction]

there exist wn,...,w;, j > 1, such that w = wy - - -w; and for each 7 such
that 1 S ) S j, w; 'Epsl SUI(Rl)

iff [Lemma 0.2]
w |EpSl M(Ry) [+]

i w =, M(Ry [*1:81)

2. Mapping clocked SVA sequences to PSL clocked SEREs

Notation: If S is a clocked SVA sequence, let (S) denote the unclocked SVA
sequence that results from S by applying the SVA clock rewrite rules. O

Proposition 2.1: Let R be an unclocked SVA sequence, and let w be a finite word
over X. Then w =, (@(c) R) iff w = M(R).

c
psl

Proof: By induction over the structure of R.

e R=10.

wE,,, (06 b)

iff wlE,, (1c[*0:$] ##1 ¢ && b)

iff wlE,, ((c[*0] or 'c[*1:$1 ) ##1 c && b)

iff there exist u,v such that w =uv and u £, (!c[*0] or !c[*1:$] ) and
vV Eg, C&&D

iff there exist u,v such that w = uv and (u £, 'c[*0] or u =_,, 'c[*1:8])

17



and [v|]=1and v |=c&& b

iff there exist u, v such that w = wv and (Ju| = 0 or there exist £ > 1 and
U1, ..., ug such that uw =wuy---ug and for all 0 <i < k, u; E Ic) and
[vJ]=1and v |Fcand v | b

iff there exist u,v such that w = uv and (Ju| = 0 or there exist k¥ > 1 and

sva

U1,...,ug such that u = uq ---ug and for all 0 <i < k, |u;| = 1 and
u; |='e)and [v)=1and v |=cand v ||=b

iff |w| > 1 and for every i such that 0 < i < |w| — 1, w' |= 'c and
w®!=1 = ¢ and w®l=1 |=b

iff w sy b

iff w =,y M(D)

R = (Ry).

w g, (@@ (R1))
iff wl,, (@(e) Ry)
iff [induction]

w ELy M(Ry)
i w =, ON(R)}
i w Ly M(RD)

R = (R ##1 Ro).

wE,, (@(e) (R ##1 Ry))

iff wE,, ((e(c) Ry) ##1 (e(c) Rs))

iff there exist x,y such that w = zy and z |E
Y Eaa (@) Ry)

iff [induction]
there exist 2,y such that w = zy and « £ M(R,) and y £

iff w |E;sl ZUZ(Rl) 5 DJT(RQ)

iff w |E;sl {gﬁ(Rl) H QJT(RQ)}

IH w |E;sl WZ((Rl ##1 RQ))

(@(e) Ry) and

sva

IM(R2)

c
psl

R = (R ##0 Ry).

wE,, (@(e) (R ##0 Ry))

iff w |Esva (<@(C) R1> ##0 <@(C) R2>)

iff there exist x,y, z such that w = zyz and |y| = 1 and zy E
Yz Ega (0(0) Ro)

iff [induction]
there exist @, y, z such that w = ryz and |y| = 1 and zy [=;; M(R1) and
yz Epg M(R2)

HE w =5, ON(R1)Y : {(Ra)}

iff w |E;sl gﬁ((Rl ##0 RQ))

sva

18
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o R=(R; or Ry).

w Eg., (@) (R or Ry))
iff w i, ((ele) Ry) or (€(c) Rs))
iff w =g, (@) Ry) or w &, (@(c) Ry)
iff [induction]
w g M(Ry) or w Ep ) M(Ry)
iff w g {M(R)} | {M(R2)}
iff w = g HOM(R)} | {M(R2)}}
iff w |E;S] IM((R; or Ry))

e R = (R; intersect Ry).

w =, (€(c) (R; intersect R»))

iff wl,, ((6(c) R:) intersect (@(c) Ra))
iff wlE,, (@(e) Ri)and w =, ((c) Ra)
iff [induction]

w g M(Ry) and w £ IM(R)

iff w |E;sl {M(R1)} && {M(R2)}
iff w |E}(;sl {{M(R1)} && {M(R2)}I}
iff w |E;Sl IM((Ry intersect Rz))

e R = R;[*0].

W Eg, (@) Ry [x0])

iff wi=,, ((ele) Ry)) [*0]
iff |w| =0

iff w =y M(Ry) [x0]

iff w =, M(R; [*0])

o R=R;[*1:$].

w [y, (@) Ry[x1:8])

iff wE,, ((e(e) R)) [*1:$]

iff there exist wn,...,w;, j > 1, such that w = wy - - - w; and for all 4 such that
1<i<j,w E, (€(e) R)

iff [induction]
there exist wy,...,w;, j > 1, such that w = wy - - -w; and for all 4 such that
1<i<y,w B MR)

iff [Lemma 0.2]
w g M(R) [+]

iff w |E;Sl M(Ry [*1:8])

sva

c
psl

19
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Proposition 2.2: Let R be an unclocked SVA sequence and let w be a finite word
over X. Then the following are equivalent:

1w, (@@ R).
2. w ’Egsl M(R) .
3. w =N M(R)ec .

psl

Proof: 1 and 2 are equivalent by Proposition 2.1. 2 and 3 are equivalent by defini-
tion. O

Definition 2: Let b be a boolean expression, let R be an unclocked SVA sequence,
and let Sq, S5 be clocked SVA sequences.

o M(e(b) R) = {M(R)}eb
o M((S) ## 52)) = {M(S1) ; M(S2)}
O

Proposition 2.3: Let S be a clocked SVA sequence and let w be a finite word over
Y. Then w =, (S) iff w " M(S).

psl
Proof: By induction over the structure of S.

e S =0(c) R. The result follows from Proposition 2.2.
o 5= (5 ## S5).

wE,, ((S1 ## 55))
iff w |Esva (<Sl> ##1 <SQ>)
iff there exist z,y such that w =2y and z =, (S1) and y £, (S2)
iff [induction]
there exist x,y such that w = zy and x |EIT;:1UE M(Sy) and y IEZ::IUE M(S2)
iff w |E RUE 93?((51 ## 52))

psl
O

3. Mapping unclocked SVA properties to unclocked PSL for-
mulas

Since sequences can be properties, the letter “T” will be used instead of “9” to
denote the mapping at the level of properties and assertions.

If ¢ is an unclocked SVA property and if “disable iff (b) ¢” is also an un-
clocked SVA property, then ¢ will be called an unclocked SVA property fragment.

Definition 3: Let b be a boolean expression, let R, Ry, Ro be unclocked SVA
sequences, and let ¢ be an unclocked SVA property fragment.

20



o T(R) ={MR)}!
e T(not R) ='%(R)
(R1 1=> R2)) = {M(R1)} |-> T(R2)

(

(

o T

o T(not(Ry |-> Ry)) = 1T((Ry |-> Ry))
(
(
(

[ ]
o

(Ry |->not Ry)) = {M(R1)} |-> T(not Ry)

e T(not(Ry |->not Ry)) = 'T((Ry |->not Ry))

e T(disable iff (b) ) = T(yp) abort b

O

Proposition 3.1: Let ¢ be an unclocked SVA property fragment, and let w be a
word over X. Then w FEsva ¢ iff w FEpst T(p).

Proof:

e p=~R.

W Egqva R

iff there exists 0 < j < |w| such that w%7 =
iff [Proposition 1.1]

there exists 0 < j < [w| such that w7 =, M(R)
iff w=pa M(R)H!
iff wpa T(R)

sva

e p» =not R.

W Egva not R

iff w . R

iff [proof for ¢ = R]
w |7£psl T(R)

i w oy (T(R)

iff w =ps T(not R)

o o= (R |-> Ry).

w ':Sva (Ry |-> Ry)
iff for every 0 < j < |w| such that w"7 =
iff [Proposition 1.1, proof for ¢ = R]

for every 0 < j < |w| such that @w%J |=
iff w ':psl {m(Rﬂ} [-> T(RQ)
iff w ':psl 3:((Rl |_> RQ))

R17 wj“ ':Sva RQ

sva

M(Ry), w ':psl T(R2)

psl

° cp:not(Rl |-> R5).

21



w ’:sva not (Rl |_> R2)

iff o, (R |->R2)

iff [proof for ¢ = (R; |-> Ry)]
0 oy TRy 1-> Ry))

iff w |=p51 !f((Rl | -> Rg))

iff w =psa T(not(Ry |-> Ry))

e o= (R |->not Ry).

w ’:sva (Ry |->not Ra)
iff for every 0 < j < |w| such that %7 = Ry, w/" Ega not Ry
iff [Proposition 1.1, proof for ¢ = not R]
for every 0 < j < |w| such that @/ £ 4 9M(R1), w' f=pa F(not Ro)
iff w =psa {M(R1)} |-> T(not Ry)
iff w=pa T((R1 |->not Ry))

e ¢ =not(R; |->not Ry).

W Egva not(Ry |-> not Ry)

iff w e, (R |->not Ry)

iff [proof for ¢ = (R; |-> not R2)]
w g T((R1 |->not Ry))

iff w =ps 'T((R1 |->not Ry))

iff w f=ps T(not(Ry |->not Ry))

O

Proposition 3.2: Let ¢ be an unclocked SVA property fragment, let b be a boolean
expression, and let w be a word over X. Then the following are equivalent:

1. w [Egva disable iff () ¢ .

2. w Epa T(disable iff (b) ¢) .

Proof:

W Egva disable iff (b) ¢

iff w [=gva @ or there exists 0 < k < |w| such that w”* ||= b and
wO..kflTw ’:sva )

iff [Proposition 3.1]
w F=pst T(g) or there exists 0 < k < |w| such that w”* |= b and
wO..kflTw ’:psl T(QD)

iff w =ps T(gp) abort b

iff w j=pa T(disable iff (b) ¢)

22
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Corollary 3.3: Let P be an unclocked SVA property, and let w be a word over X.
Then w F=gva P iff w Epa T(P).

Proof: If P is an unclocked SVA property fragment, then the result follows from
Proposition 3.1. Otherwise, P has the form “disable iff (b) ¢”, where ¢ is an
unclocked SVA property fragment, and the result follows from Proposition 3.2. O
4. Mapping clocked SVA properties to PSL formulas

Since sequences can be properties, the letter “T” will be used instead of “9” to
denote the mapping at the level of properties and assertions.

If ¢ is a clocked SVA property and if “disable iff (b) %” is also a clocked SVA
property, then ¢ will be called a clocked SVA property fragment.

Definition 4: Let b,c¢ be boolean expressions, let R, Ry, Ry be unclocked SVA
sequences, let ¢ be an unclocked SVA property fragment, let S,.S7,S2 be clocked
SVA sequences, and let 9 be a clocked SVA property fragment.

o T(S) = (M)}
e T(not S) =1%F(9)

o T((S1 1->82)) = {M(S1)} |-> Z(S2)

e T(not(Sy |->53)) = 1T((S1 |->853))

e T((S1 I->mnot 53)) ={M(S1)} |-> T(not Ss)

o T(not(Sy |->not S2)) = 1F((S1 |->not S3))

o T(disable iff (b) ¢) = T(¢) abort b

e T(@(e) not b) = F(e(c) !b)

e T(@(c) not R) = 1T(@(c) R), provided R is not a boolean expression.
o T(@(c) (Ry |-> Ry)) =%((@(c) Ry |->@(c) Ry)

o T(0(e) not(Ry |-> Ry)) = 15(e(c) (Ry |-> Ry))

o T((e) (Ry I->mot b)) =T((@le) Ry 1->@(e) b))

e T(@(c) (Ry |->mnot Ry)) =%((@(c) Ry |->not @(c) R»)), provided Ry is not
a boolean expression.

o T(@(e) not(Ry |->mnot Ry)) ='%(@(e) (Ry |->not Ry))

o T(@(c) disable iff (b) ¢) = T(@(c) @) abort b

23



O

Proposition 4.1: Let ¢ be a clocked SVA property fragment and let w be a word
over X. Then w Egva ¥ iff w EZNE T(e).

psl
Proof:
e p=5.

w ’:sva S
iff w FEsva (5)
iff there exists 0 < j < |w| such that w7 =__ (S)
iff [Proposition 2.3]
there existb 0 < j < |w| such that w7 =73 9M(S)
iff w =T {9(S)}!

psl

lﬂw%?T@
e ) =not S.

W Egya not S

iff w Egva not (S)

i w e, (S)

iff [proof for ¢ = S|
w Fpd" T(5)

iff w I 1T(9)

iff w |:TRUE T (not 5)

psl

) = (S7 1->59).

w ’:sva (Sl |_> 52)
IH w ':sva (<Sl> |_> <52>)
iff for every 0 < j < |w| such that @w%7 =__ (S1), w Ega (S2)
iff [Proposition 2.3, proof for ¢ = S|
for every 0 < j < |w| such that w%7 |EITJ§1UE M(S1), w’ =P T(S2)
iff w =1 AM(S1)}Y 1-> T(S2)
i w ETUE (S, [-> Sa)

psl

e ¢ =not(Sy |->55).

w ':Sva nOt(Sl | -> SQ)

iff w Egva not ({(S1) 1-> (S2))

i w e (S1) 1> (S5))

iff [proof for ¢p = (S1 [-> S2)]
w EE T((S1 1> 52))

iff w |:TRUE 1T((S1 1> S2))

iff w I:TRUE T(not(Sy 1->52))

24



e = (51 |->not S9).

w ':Sva (51 |=>not S2)
iff w Ega ((S1) |-> not (S3))
iff for every 0 < j < |w| such that @w*7 = _ (S1), W' Esa not (S2)
iff [Proposition 2.3, proof for 1) = not S|
for every 0 < j < |w| such that w% |EITJ§1UE M(S1), w =p" T(not Sy)
iff w =R {9(S1)Y |-> F(not S2)

psl

M w E=TE T((S) |-> not S5))

psl

e ) =not(S; |-> not S3).

W FEgva 10t (S1 |-> not So)

iff w Fgva not ({(S1) |-> not (Ss2))

iff w B, ((S1) |->not (S2))

iff [proof for ¢ = (S; |-> not S3)]
w IR T((S1 1-> not Sa))

iff w =P (ZT((S1 [-> not S3)))

psl

iff w =P T(not(Sy |-> not S2))

psl

e 1) = @(c) not b.

W Egva @(c) not b
iff w Egva (@(c) not b)
iff w g (@) 1))
iff [proof for ¢ = S|

w =t T(e(e) 1h)

iff w =P T(@(e) not b)

psl

e ) = @(c) not R, R not a boolean expression.

W FEgva @(c) not R
iff w Fsva (@(e) not R)
iff w Egva not (@(c) R)
iff w B, (@) R)
iff [proof for ¢ = 5]

w EIE T(e(e) R)
iff w EIE 1%(e(c) R)

psl

iff w EME T(e(c) not R)

psl

o p=0(c) (R |->Ry).

w ':Sva @(C) (Rl |_> R2)
iff w ':sva <@(C) (Rl |_> R2)>

25



iff w Egva ((@e) Ry) |1->(@(e) Ry))
iff [proof for ¢ = (S |-> S3)]
w R T((ele) Ry |->e(e) R))

i w =T T(e(e) (Ry |-> Ry))

psl

1 =@(c) not(Ry |-> Ry).

W Egva @(e) not(Ry |-> Ra)
iff w Egva (@(c) not(Ry |-> Ry))
iff w Egva not((@(e) Ry) |-> (@(c) R2))
iff [proof for ¢y = not(Sy |-> S3)]

w R 1T(@e) Ry [->e(e) Re))
ff w =T 1T(ee) (R 1-> Ro))
iff w EME T(e(e) not(Ry |-> Ry))

psl

1 =@(c) (R |->mnot b).

w ’:sva e(c) (Rl | -> not b)
iff w ':sva <© () (Ry |->not b)>
iff w e ((@() Ry) |-> (0(e) b))
iff [proof for ¢ = (S |-> S3)]
w o ” T((@le) Ry |->ele) D))

psl

iff w EME T(e(e) (Ry |->not b))

psl

1 =@(c) (Ry |->not Ry), Ry not a boolean expression.

W Egva @(¢) (Ry |-> not Ry)
iff w Egva (@(c) (R |->not Rg))
iff w Egva ((@(e) R1) |->not (@(c) R2))
iff [proof for ¢ = (S; |-> not S3)]

w =T T((@(e) Ry 1->not @) R»))
iff wER"E F(@(e) (R |->not Ry))

psl

1 = @(c) not(Ry |->not Ry).

W Egva @(¢) not(R; |-> not Ry)

iff w Egva (@(c) not(Ry |-> not Ry))

iff w Egva not((@(c) (Ry |->not R2)))

iff w |7$SVa (@(e) (Ry |->not Ry))

iff [proofs for ¢y = @(¢) (R; |-> not R3), R boolean and not]
w EHE T(0(e) (Ry |->mnot Ro))

iff w EE 1%(e(e) (Ry |->not Ry))

psl

iff w ENRE T(e(e) not(Ry |->not Ry))

psl
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Proposition 4.2: Let ¢ be a clocked SVA property fragment, let b be a boolean
expression, and let w be a word over X. Then the following are equivalent:

1. w [Egva disable iff (b) ¥ .

2. w Epd" T(disable iff (b) ¢) .

Proof:

W [Egva disable iff (b) ¢

iff w f=gva 1 or there exists 0 < k < |w| such that w* ||= b and
wO..kflTw ’:sva w

iff [Proposition 4.1]
w =R T(9h) or there exists 0 < k < |w]| such that w* |= b and

psl
wO..k—lTw ;SIUE g(,w)
iff w =" T(Y) abort b
iff w=4" T(disable iff (b) 1)

O

Corollary 4.3: Let Q be a clocked SVA property and let w be a word over Y. Then
W Fsva Q iff w ERH" Q).

Proof:

e () =@(¢) P, where P is an unclocked SVA property. If P is an unclocked property
fragment, then @ is a clocked SVA property fragment and the result follows from
Proposition 4.1. Otherwise, P has the form “disable iff (b) ¢”, where ¢ is an
unclocked property fragment. In this case,

w Egva @(¢) disable iff (b) ¢
iff w [Egva disable iff (b) @(c) ¢
iff [Proposition 4.2]
w =YY" F(disable iff (b)) €(e) ¢)
iff [T(disable iff (b) ¢) = T(¢) abort b]
w =" (e (o) ¢) abort b
iff [T(e(c) disable iff (b) ¢) = T(@(c) ¢) abort b

w ':ESIUE (@(c) disable iff (b) SD)

e () = disable iff (b) v, where ¢ is a clocked SVA property fragment. In this
case, the result follows from Proposition 4.2.
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5. Mapping SVA assertions to PSL formulas

The SVA assertion semantics is defined with respect to a boolean enabling condition.
Therefore, the mapping must account for this enabling condition. “T®” denotes the
mapping when the SVA enabling condition is b.

Definition 5:
e T’(always assert property Q) = always (b —> T(Q))

(
o Tb(always @(c) assert property P) = (always (b -> T(P))) €c
e T’(initial assert property Q) =b! -> T(Q)

(

e Tb(initial @(c) assert property P) = ({b} |-> T(P)) @c

O

Lemma 5.1: Let f be a PSL formula, let ¢ be a boolean expression, and let w be a
proper word over Y. Then the following are equivalent:

Low " (alvays f)ec

sl

2. for all 0 <i < |w| such that W' |= ¢, w' Fosl f

Proof:
w gt (always f)ec
iff w = always f
iff w g, ! [TRUE U ! f]
iff w [E5y [TRUE U ! f]
iff —(there exists 0 < k < |w| such that w* ||= ¢ and w*- e !f and for all
0 < j <k such that w’ [= ¢, @7 =, TRUE)
iff for all 0 < k < |w| such that @w* |= ¢, either w"- g ! f or = (for all
0 < j <k such that w’ [= ¢, @’ =5, TRUE)
iff for all 0 < k < |w| such that @w* |= ¢, either w®- e for there exists
0 < j <k such that w’ [|= c and W’ £} TRUE
iff [if w’ |l= ¢, then either w’/ € 2P, in which case @/ =5 TRUE by Lemma
0.16, or w’ = T, in which case w* = T (because w is proper) and so
" [
for all 0 < k < |w| such that w* |= ¢, w*- Foa [
(]

Lemma 5.2: Let f be a PSL formula, let b and c be boolean expressions, and let
w be a word over X. Then the following are equivalent:

L w gy (b! @TRUE) -> f
2. if |lw| > 0 and @° |= b, then w Foa f

If |lw| > 0 and @w° ||= ¢, then 1 and 2 are equivalent to
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3w Epg bt > f
dow g b->f
If f is non-degenerate and w is proper, then 1 and 2 are equivalent to

5. w g {b @TRUE} |-> f

If f is non-degenerate, w is proper, |w| > 0, and @W° |= ¢, then 1-5 are equivalent

to

6. w ’:;sl {b} |_> f

Proof:

w =y (b! @TRUE) -> f

iff
iff
iff
iff
iff
iff

w g ! ((b! @TRUE) && ! f)
w P (bY @TRUE) && ! f

wbé 4 0! OTRUE or @ ¢
@ I by or w S, f
if w g™ b, then w =y f

psl !

(A):
if there exists 0 < j < |w| such that @w% is a clock tick of TRUE and
,wj ||: bv then w ':Ic)sl f

[(A) implies 2]: Assume (A). Assume |w| > 0 and @ |= b. Then @ is a
clock tick of TRUE, so the precondition of (A) is satisfied with j = 0. Therefore

w ’:pel

[2 implies (A)]. Assume 2. Assume that there exists 0 < j < |w| such that w7 is
a clock tick of TRUE and w’ ||=b. Then |w| > 0. If j =0, then @° |= b. If j > 0,

then by Lemma 0.1, w® = T, hence w

0° |l= b. Therefore the precondition of 2 is

satisfied, and so w |:psl I

This proves that 1 and 2 are equivalent. Suppose now that |w| > 0 and @w° ||= c.

w gy bt > f

iff w Sy D) && L)

iff @ ey (bY) & L f

ff w gy bt or w Ly

iff wbé g 0! orw ’:psl

iff if |:ps b!, then w =5y f
iff

(B):
if (there existb 0 < j < |w| such that @w% is a clock tick of ¢ and @’ |= b),
then w =€

psl

[(B) implies 2]: Assume (B). Assume |w| > 0 and @° |= b. Since @° ||= ¢, w0 is
a clock tick of ¢, so by (B), w =g f.
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[2 implies (B)]. Assume 2. Suppose that 0 < j < |w]| is such that @’/ is a clock
tick of ¢ and w/ |= b. Then |w| > 0. If j = 0, then @® |= b. If j > 0, then
@ ||= te. Since @ |= ¢, w® = T, and so @w° ||= b. Therefore the precondition of

2 is satisfied, and so w =5y f.

This proves that 2 and 3 are equivalent if |w| > 0 and @ |= c.

w g b=> f
ff wigg 1 && !t f)
iff @ Gy b &k ! f
iff @ [y borw Ly L f
iff w Py bor w |:pg1
iff [Lemma 0.16, using |w| > 0 and @° |= (]
WSy bt orw =y f
iff [proof of equivalence of 2 and 3]
(B)
Since (B) was shown equivalent to 2 when |w| > 0 and @ |= ¢, this proves that 2
and 4 are equivalent when |w| > 0 and @° = c.

Suppose now that f is non-degenerate and w is proper.

w Erg {b @TRUE} |-> f

iff for all 0 < j < |w| such that @%J = b @TRUE, w- Fost f

iff for all 0 < j < |w| such that w%7 |—pflUE b, w- ost |

iff
(C): , ,
for all 0 < j < |w| such that @w% is a clock tick of TRUE and @’ |= b
w’ Icssl f

[(C) implies 2]: Assume (C). Assume |w| > 0 and @ ||= b. Then @’ is a clock
tick of TRUE, so by (C), w = w’- sl S

[2 implies (C)]. Assume 2. Suppose that 0 < j < |w| is such that w7 is a
clock tick of TRUE and @ |= b. If j > 0, then @' ||= FALSE, hence @w® = T.
Therefore, @ ||= b, and so by 2, w Fra f- On the other hand, since w is proper
and w® = L,w = 1%, and since f is non-degenerate, w béc

pgl f, a contradiction.
Therefore, j = 0 and @ ||= b, and so by 2, wi = w ¢

p%l
This proves that 2 and 5 are equivalent when f is non-degenerate and w is proper.
Suppose now that f is non-degenerate, w is proper, |w| > 0, and @° |= c.

w Erg {0} 1> f
iff for all 0 < j < |w]| such that @w%J |_pql b, w¥ “Epa f
iff

(D):
for all 0 < j < |w]| such that @w%7 is a clock tick of ¢ and @/ ||= b
’LUj" c f

psl
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[(D) implies 2]: Assume (D). Assume |w| > 0 and @° |= b. Since @° |= ¢, w0 is

a clock tick of ¢, so by (D), w =gy f.

[2 implies (D)]. Assume 2. Suppose that 0 < j < |w]| is such that @’ is a clock
tick of ¢ and @’ |=b. If j > 0, then @w° |= te. Since @w° |= ¢, we must have
w® = T. Therefore, w" |= b, and so by 2, w Fpsl f- On the other hand, since
w is proper and w® = L, w = 1¥, and since f is non-degenerate, w |7£1§s1 f, a
contradiction. Therefore, j = 0 and @w° ||= b, and so by 2, w/ = w Foa f-

This proves that 2 and 6 are equivalent when f is non-degenerate, w is proper,

|w| > 0, and @° ||= e.
o

Lemma 5.3: Let f be a PSL formula, let b and c be boolean expressions, and let
w be a proper word over X. Then the following are equivalent:

L. for all 0 < j < |w| such that @’ |= ¢ and @ |l= b, w’ =5y f

2. w Epy® (always(b! -> f)) @c

3. w " (always(b —> f)) @c

If f is non-degenerate, then 1-3 are equivalent to

4. w I (always({b @TRUE} |-> f)) @c

psl
5. w =pdF (always({b} 1-> f)) @c
Proof:
w =" (always(b! -> f)) @c
iff [Lemma 5.1]
for all 0 < j < |w| such that @/ |= ¢, w- Fra bl > f
iff [Lemma 5.2]

for all 0 < j < |w| such that @’ |= ¢, if @’ ||= b, then w- e f
iff for all 0 < j < |w| such that @’ |= ¢ and @’ |= b, w’ Foa f

This proves the equivalence of 1 and 2. A similar argument proves the equivalence
of 1 and 3.

w =" always({b @TRUE} |-> f) €c
iff [Lemma 5.1]

for all 0 < j < |w| such that @’ |= ¢, w- Fra {b @TRUE} |-> f
iff [Lemma 5.2]

for all 0 < j < |w| such that @’ |= ¢, if W/ |= b, then w’- ca f
iff forall 0 <j < |w|, if w’ [|=cand @’ [= bthen w’ 5y f

This proves the equivalence of 1 and 4 when f is non-degenerate. A similar argument

proves the equivalence of 1 and 5 when f is non-degenerate.
O
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Lemma 5.4: Let ¢ be a boolean expression, let P be an unclocked SVA property,
and let w be a non-empty word over X such that w° ||= c. Then w Foa (@) P)
iff w ERE T(P) @c.

psl
Proof:
e P=R.
w EIE T(e(0) R)
iff w |:IT)§1UE {M(elc) R)}!

iff there exists 0 < j < |w| such that w®7 =" M(e(c) R)
iff there exists 0 < j < |w| such that w7/ T M(R)Y ec

iff there exists 0 < j < |w| such that w7 |_ st M(R)
iff w gy {M(R)}!
iff w ':psl ( )
iff w =" T(R) ec
e P =not b.

w =" T (e(e) not b)

i w EIE T(eCe) 1h)

sl

iff w =" {M(ele) 1)}
iff there exists 0 < j < |w]| such that w7 =" M(e(c) 1b)
iff there exists 0 < j < |w| such that w%J Eosl EAM(1b)} ec
iff there exists 0 < j < |w| such that w%J |—pS M(1d)
iff there exists 0 < j < |w| such that w7/ =, 1b
iff [using the notation from Lemma 0.13]

w ':psl [ ]
iff [Lemma 0.15, using |w| > 0 and @° ||= (]

w o 19
iff [Lemma 0.13]

w gy 1Y)
iff [Lemma 0.14]

w ':psl LD
i w by 1T(0)
iff w g T(not b)
iff w I:TRUE (not b) @c

psl

e P =not R, R not a boolean expression.

w " T(e(e) not R)
iff w I:IT)E‘UE 1T(e(c) R)
iff w " T(ele) R)
iff [proof for P = R]

w EIE T(R) @c

it w b&psl ( )
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iff
iff
iff

w ':psl (R)
w oy T(not R)

w [ T(not R) €c

P=(R: |-> Ry).

w
iff w
iff
iff
iff

iff
iff
iff
iff w
iff
iff

P

w
iff
iff
iff

iff
iff
iff
iff w

Fra® F(ele) (Ry |-> Ry))

Iq;r:luE ((@(C) Ry |-> @) RQ))
w EIE {M(e(e) Ri)} |-> T(e(e) Ry)

for all 0 < < |w| such that @ = 3" M(e(c) Ry), w' =15 T(e(e) Ry)

[proof for P = R]
for all 0 < i < |w| such that % =4 M(e(c) Ry), w e T(Re) €c
for all 0 <4 < |w]| such that w%* B MRy} Qc, w' =TT T(Ry) ¢

for all 0 <4 < |w| such that w" 'E g (R}, w" " Fpa T(R2)

for all 0 < i < |w]| such that w%* ’qul M(Ry), w' =5y T(Ra)
w Sy LR} 1-> T(Ry)

w Ly TRy |-> Ro)

w EMME T((Ry |-> Ry)) @c

psl

=not(Ry |-> Ro).

TRUE (@(C) not (R | >R2))

w |=g§1UE 1T(@(e) (Ry |-> Ry))
@ I T(e(e) (Ry 1-> Rp))

[proof for P = (Ry |-> Ry)]

w ESTE TRy |-> Ra)) @

w P TRy 1> B)

w EE ISRy 1> Ry)

w g T(not (R |-> R2))
TRUE T(not (R |-> Rg)) @c

psl

P = (R; |->not b).

w
iff
iff
iff
iff
iff
iff

iff

E=TRVE T(@(e) (Ry |->not b))

sl
w IR T((0Ce) Ry 1-> 0 1)
for all 0 < i < |w| such that w*¢ = " M(@(c) Ry), w' Fra” F(ele) 1h)
for all 0 <i < |w| such that @ IEPZIUE {M(R;)} @c,
wh IR {9(e(e) 1)}
for all 0 < i < |w| such that w" - Eps IM(R1)}, w Fra s {9(1b) @c}!
for all 0 <4 < |w| such that w° Eps TU(R1), w' Foa {1b @c}!
for all 0 < i < |w| such that @** =, M(Ry), there exists ¢ < j < |w| such
that w7 E;;UE b @c
for all 0 < i < |w| such that @ =7, M(Ry), there exists i < j < |w| such

that w’7 =7, 1b

33



iff
iff

iff

iff

iff

iff w
iff
iff
iff
iff
iff

for all 0 <4 < |w| such that @%* £ M(R1), w' =5y {10}

[Lemma 0.14, using the notation of Lemma 0.13]

for all 0 < i < |w| such that @** =7 M(R1), w" =5y [10]!

[by Lemma 0.11, if @™ |=; M(Ry), then @’ [I= ¢, hence by Lemma 0.15,

wh g, (1)1 iff w5, (18]

for all O < i < |w| such that w% Epa TU(R), wh =S (18]

[Lemma 0.13]

for all 0 <4 < |w]| such that w%* Epa TR, wh L T

[Lemma 0.14]

for all 0 < i < |w| such that w%* IE g M(Ry), w CEpa (03D
Fra (MR} 1> 1({b}Y)

w |:f>sl {M(R1)} 1-> 1 ({M(D))

w o, TR 1> 15(b)

w oy {9M(R1)} 1-> T(not b)

w Epg T((Ry |->not b))

w =P E((Ry |=>not b)) @c

psl

P = (R; |->not R3), Ry not a boolean expression.

w = E(e(e) (R |->not Rp))

iff
iff
iff
iff

iff
iff
iff

iff
iff
iff
iff
iff
iff

w = T((@(e) Ry 1->not @) R»))
w =L AM(e(e) Ri)} 1-> T(not @(c) Ry)

w |:;§1UE {{M(R1)} ec} |-> 1%(e(c) Ry)

for all 0 < i < |w| such that w" - IE;};UE {M(R1)} Qc,

wh I (000 Ry)

for all 0 < i < |w| such that w" - Eps IM(R1)}, w Fra” 1F(ele) Ro)
for all 0 < i < |w| such that w" - Eps MU(R1), w' e T(ele) Ra)
[proof for P = R]

for all 0 <4 < |w| such that w" - IE;SI M(Ry), W e T(Re) €c

for all 0 < i < |w| such that w" - IE;SI M(Ry), 0" 5y T(Ra)

for all 0 <4 < |w| such that w" - IE;SI M(Ry), w' =5y 'T(Ra)

w =S, MR} |-> 15(Ry)

w =2, M(R1)} 1-> T(not Ry)

w =5y T((Ry |->not Ry))

w EME T((Ry |-> not Ry)) @c

psl

P =not(R; |->not Ry).

iff
iff
iff

iff
iff
iff
iff

w =™ T(e(e) not (R |->not Ry))

w =L H(E(e(e) (R |->not R2)))

o %;SIUE (@(c) (Ry |->not Ry))

[proofs for P = (R; |-> not R2), Rs boolean and not]
w %ESIUE T( (Rl |—> not RQ)) Qc

w sy T((Ry |->not Ro))

w =5y 'T((Ry 1-> not Ry))

w gy T(not (R |->not R))

w IT)SIUE T(not(R; |-> not Ry)) @c
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e P =disable iff (b) ¢, ¢ an SVA unclocked property fragment.

w = T(e(e) disable iff (b) )

i w g™ T(ele) p) abort b ‘

iff either w 15" T(@(c) ¢) or there exists 0 <7 < |w| such that w* [= b and
WOl Tw ':E)}SIUE T(@ (¢) SD)

iff [proofs for the various forms of ¢]
either w =" T () @c or there exists 0 < i < |w| such that w' |= b and
w01 Tw EfgilUE T((p) Qc

iff either w =1 T(p) or there exists 0 < i < [w| such that w' = b and
wO..iflTw gSI S(QP)

iff w =gy T(p) abort b

iff w p T(disable iff (b) )

iff w " T(disable iff (b) ¢) @c

O

Proposition 5.1: Let A be an SVA assertion, let b be a boolean expression, and
let w be a proper word over X. Then the following are equivalent:

1. w,b Egva A .
2. w E=TRUE b (A) |

psl
Proof: @ denotes a clocked SVA property, and P denotes an unclocked SVA prop-
erty.

e A = always assert property Q.

w, b =gva always assert property @
iff for all 0 < i < |w| such that @’ |= b, w" FEewa Q
iff [Corollary 4.3]
for all 0 <4 < |w| such that w' |= b, w EIE T(Q)
iff [Lemma 5.3, with ¢ = TRUE]
w = © always (b -> T(Q)) CTRUE

iff w " alvays (b -> T(Q))

sl

iff w =" Tb(always assert property Q)

e A = always @(c) assert property P.

w,b Fsva always @(c) assert property P
iff for all 0 <i < |w| such that @’ ||= ¢ and @° |= b, w* FEga @(c) P
iff [Corollary 4.3, with Q@ = @(c) P)]
for all 0 < i < |w| such that @* [= ¢ and @' |= b, w' E=15" T(e(e) P)
iff [Lemma 5.4]
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for all 0 < i < |w| such that @' |= ¢ and @' ||= b, w'- Foa” T(P) ec
iff for all 0 < i < |w| such that @" ||= ¢ and @* |= b, w* £ T(P)
iff [Lemma 5.3]

w = always (b -> T(P)) €c

iff w =" Tb(always @(c) assert property P)

c
psl

A = initial assert property (). First note that

w T b -> f
iff [proof of Lemma 5.2]
if (there exists 0 < j < |w| such that @ is a clock tick of TRUE and
@ || b), then w [ J®
iff [Lemma 0.1]
if (there exists 0 < j < |w| such that @/ |=band @' = T for all 0 < i < j),
then w =5
iff [if j > 0, then w° = T |= 9]

if (jw| > 0 and @° [=b), then w ="

Now

w,b Fgva initial assert property
iff if jw| > 0 and @W° ||= b, then w gy Q
iff [Corollary 4.3]
if |w| >0 and @° [= b, then w =15 T(Q)
iff [argument above]
w ST b1 > T(Q)

iff w =" T’(initial assert property Q)

A = initial @(c) assert property P.

w,b Fgva initial @(c) assert property P
iff for all 0 <i < |w| such that @ [, tc[*0:$] ##1 c and w° |= b,
wh g @(e) P
iff [the proof of Proposition 2.1, case R = b, shows that
@t = te[*0:$] ##1 ¢ iff W is a clock tick of ¢]
for all 0 < i < |w| such that @w%* is a clock tick of ¢ and @’ |= b,
wh g @(e) P
iff [Corollary 4.3, with Q@ = @(¢) P]
for all 0 < i < |w| such that w%* is a clock tick of ¢ and w* ||= b,
wi I8E T(e() P)
iff for all 0 <i < |w| such that @’ Epsl b wh Foal - T(ele) P)
iff [Lemma 5.4]
for all 0 < i < |w| such that w0~~f S wl Foa” T(P) ec
iff for all 0 <i < |w| such that @w% IE;SI b, w Erg T(P)
it w pg {0} 1->%T(P)
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iff wpElR" ({b} |-> F(P)) ec

psl

it w Epg" Tb(initial @(c) assert property P)
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